Abstract
Introduction
Orthostatic intolerance (OI) is a clinical syndrome that is characterized by symptoms and loss of consciousness before impending syncope. It has been reported that is caused by orthostatic hypotension (OH). Some previous studies suggest that the presence of OH may be a risk factor for falls and it increase risk of mortality and has been associated with a number of diseases including stroke, myocardial infarction and coronary artery disease [1, 2] . Cardiovascular signals are largely analysed using traditional time and frequency domain measures. The dynamic processes, especially under healthy conditions are evident in the complex fluctuations of physiologic output signals [3] . Several entropy measures have been defined in the literature. Although all of them are related to the same concept, the mathematical formulations vary among them. In previous studies have been applied to detect changes in the cardiovascular system in the pathological groups of chronic heart failure patients, patients after acute myocardial infarction (MI) and subjects during physical activity or adults with symptoms of OI [4] [5] [6] [7] . This study focuses on examining the hemodynamic profile in older people with symptoms of OI undergoing an active stand and to investigate if their dynamic cardiovascular profile during a six-minute walk would be different to those of controls by calculating the sample entropy (SampEn).
Material
The database included a total of 65 participants, aged over 70 years of age (70.11±5.85), of whom 65% were females. There was no significant differences in age and gender between symptomatic and asymptomatic OI participants, 44.6% (n=29) had symptoms of OI and 55.4% (n=36) did not (Table 1) . The participants were evaluated in the Technology Research for Independent Living Clinic (TRIL) at St Jame's hospital in Dublin [8] . To carry out this study, the approval of the Local Research Ethics Commitee (SJH/AMNCH Research Ethics Commitee approval reference number 13/06/2007) was necessary. Every participant got a minimum score of 23 in a Minimental state examination (MMSE), which is the threshold of insanity detection in the Irish framework [9] . All subjects consented before being included in this study. None of the participants suffered from Parkinson, diabetes mellitus, acute chronic renal failure, deficiency in B12 vitamin or a pacemaker. None of the participants took diuretics, ace inhibitor or angitotension II. The measurement of the BP wave was carried out using the Finapres method (Finger Arterial Pressure).
Methods

Procedure
To carry out this study, the 6 minutes walking distance test (6MWD) was applied. This test consist basically on measuring the distance which a person can walk in 6 minutes and it must be done along a long, flat an straight 30 meter long corridor. The 6MWD test is divided into clearly five identified and differentiated phases: a first phase of rest with a duration of 3 minutes, Phase 1 (pre-exercise). During the Phase 2 our participants begin the walk (starting of exercise). The Phase 3, with a duration of 6 minutes, in which participants are doing exercise (active phase). The Phase 4 which started when our participants ended the walk until they have recovered (recovery phase) and the Phase 5 at rest with a duration of 3 minutes (post-exercise). Due to this fact, we are going to work with a total of five phases (Phase 1, Phase 2, Phase 3, Phase 4, Phase 5). The same number of intervals was extracted in each of the five phases when the signal was stabilized (n=180 samples) (Figure 1 ). The following hemodynamic measurements beat by beat were registered:
• SBP: as the maximum blood pressure in the systole (mmHg).
• DBP: as the minimum value of pressure in the diastole (mmHg).
• R-R: R-R interval in miliseconds (ms). 
Sample Entropy
In this study, SampEn [10] , was chosen as a characterization of activation patterns on the OI. This is a similar but less biased measure than the approximate entropy (ApEn) family parameters, introduced by Pincus [11] to quantify the regularity of finite length time series. SampEn is precisely equal to the negative of the natural logarithm of the ratio between the probability of occurrence of sequences close to each other (according to a threshold value r to measure the distance between sequences) for m consecutive data points within a chosen distance m (U m (r)), and the probability of occurrence of sequences close to each other when one more point is added to each sequence [12] . Larger SampEn values indicate greater independence, less predictability, hence greater complexity in the data:
SampEn is estimated using the widely established parameter values of m = 2 and r = 0.25δ, where δ represents the standard deviation of the original data sequence [13] 3.3.
Statistical analysis
An analysis of variance (ANOVA) was employed to test differences between phases and between groups for each hemodynamic parameter. Comparisons of continuous variables between the two groups were performed by Student's unpaired t-test or Mann-Whitney U test, where appropriate. Analysis of variance with repeated measurements ANOVA and with the Student-Newman-Keuls test were used to study the effect of one or more factors when at least one of them is a within-subjects factor or related measurements. When a significant overall effect was detected, Scheffe's F-test was used for comparison of the mean values for the two groups. The results were regarded as statistically significant for p<0.05.
Results
In a first analysis, differences in the regularity hemodynamic measurements of SBP and DBP between symptomatic OI group and asymptomatic OI group were studied. The most significant results were observed in SBP SampEn in the post-exercise, showing statistically differences with statistical significance (p=0.023) between symptomatic OI group (1.05±0.22) and asymptomatic group (0.89±0.35) (Figure 2) . Nevertheless, the major differences were found in the hemodynamic measurement of R-R, showing statistically significant differences in Phase 2 (p=0.015) and Phase 4 (p=0.024) ( Table 2) . In this analysis, the symptomatic OI group illustrated higher entropy SampEn values compared with the asymptomatic group (Figure 3) . When the distinction between men and women was made, we were able to observe greater differences in the male group (Figure 4) . SampEn analysis showed statistically significant differences in starting of exercise phase (p=0.021) and recovery phase (p=0.037) between symptomatic OI men group and asymptomatic men group (Table 3). 
Conclusion
This study analyze by non linear methods differences in the response of symptomatic OI under 6MWD test. During starting of exercise and recovery phase the SampEn R-R interval decreased in asymptomatic OI group compared with the symptomatic OI group (Figure 3) . Moreover, these results are coherent with previous studies where an abnormal complex cardiac functioning in symptomatic OI patients were observed [14] . In addition, in both groups we were able to observe a decrease in SampEn values in Phase 2 and Phase 4 if we compared with pre-exercise and post-exercise stages, being a higher difference in the asymptomatic group. In other articles, similar results were shown, where the head-up tilt test resulted in a significant reduction in SampEn of R-R interval, these measures of entropy are suitable to detect changes in neural outflow to the heart and decoupling of repolarization variability from heart rate variability elicited by orthostatic stress [15] . On the other hand, the symptomatic OI group showed higher SampEn values in all stages, but these differences between both groups did not reach statistical significance. This different behaviour in the elderly may be is explained with physiological aging, which is associated with a reduction of autonomic control on the cardiac rhythm, demonstrated by reduction in all the time domain HRV indices [4, 7, 16] . Once we analyzed gender difference, we observed that the group of men illustrated a higher pathological differences, showing greater SampEn values in start-ing of exercise and recovery stages. Previous articles illustrated changes in the multiscale time irreversibility analysis within the symptomatic OI men group, showing a decrease in the irreversibility indices in the recovery stages [14] . Similarly, other studies found that neuroendocrine control of blood pressure in healthy subjects was significantly higher in older men compared with the younger men and women of both age groups, suggesting a divergent age-related activation of the sympathetic nervous system between genders at baseline as well as during a sustained orthostatic challenge [17] . Nevertheless, other studies suggests that aging rather than sex needs to be taken into account when interpreting R-R and BP changes during prolonged orthostatic test such as head-up tilt test performance [18] . This study is focused on therapies and interventions that potentially might enhance hemodynamic response. As conclusion, this study empathizes the importance of entropy analysis to extract information of cardiovascular signals with non-linear methods, results provide useful indicates of pathological changes in cardiac activity and be suitable for the early detection of autonomic cardiovascular dysfunction.
